tebra visualised on the CTLC film. The frequency of abnormal signs on the CTLC films was then examined. Results. Technically adequate CTLC films that showed the upper border of the T1 vertebra were not obtained from 70 patients with injuries and 63 patients without injuries. 88 patients with injuries and 28 patients without injuries had abnormal findings on CTLC films. Overall, 97 patients with injuries and 74 patients without injuries should have received supplemental CT scans. Conclusion. CTLC films require frequent supplemental use of CT, even for patients without cervical spine injuries. Thus, the guidelines that consider CTLC film as an indicator of the necessity for CT scanning are not efficient and need revision. 
INTRODUCTION
Appropriate and emergency evaluation of cervical spine injuries in patients with blunt trauma is a challenging task for the trauma team. A cross-table lateral cervical (CTLC) film may show normality in 5% to 15% of the patients who indeed have cervical spine injuries. [1] [2] [3] On the other hand, computed tomographic (CT) scans of the cervical spine have been shown to be more sensitive in identifying cervical spine injuries. 4, 5 Thus, recent guidelines suggest that the plain radiograph followed by focused CT scanning through suspicious and inadequately visualised areas is a sufficient screening tool. [6] [7] [8] The frequency of performing CT scans in conformity with these strategies is important for accurate evaluation of the efficacy of the guidelines. Thus, the present analysis was undertaken to determine the exact frequency of supplemental CT scans required inevitably from CTLC films, based on these guidelines.
MATERIALS AND METHODS
Films that show the upper border of the T1 vertebra are described as technically adequate. The lateral view of the cervical spine involved the use of portable CTLC film with bilateral caudal arm traction in the resuscitation area. Technically inadequate films that failed to show the upper border of the T1 vertebra were not repeated. CTLC films were not obtained in the initial evaluation of alert and asymptomatic patients.
Data from patients with injuries were obtained retrospectively through admission records from 1 January 1994 to 31 December 2000. The initial CTLC films of 100 patients with cervical spine injuries involved a total of 141 vertebral fractures or dislocations (including 33 multi-level vertebral injuries). The most frequently injured vertebra was C5. The incidence of injury of the 2 lowest cervical vertebrae (C6 and C7), which often cannot be visualised on CTLC films, was 22.7%. The anatomical segments of the cervical spine injuries are shown in Fig. 1 .
The patients with injuries included all definite cervical fractures or dislocations with the exception of those who had attempted to hang themselves, were younger than 15 years old, or had been transferred from a different hospital after initial treatment. Plain radiography, tomography, CT scanning, magnetic resonance imaging, or autopsy confirmed fractures or dislocations. Questionable fractures or dislocations were excluded. We recorded the levels and types of injuries. In the present study, the first CTLC films were used for evaluation and read by an orthopaedist.
Data from patients without injuries were obtained from the admission records of another 100 consecutive patients with blunt trauma. These patients had neck symptoms or mental changes but sustained no injuries from 1 January 2000 to 26 August 2000. The patients had been followed up for 3 to 14 months. They had no evidence of cervical fractures or dislocations.
We compared patients with and without injuries in regard to the technical adequacy of the CTLC films, in particular, the visualisation of the area of the lowest vertebra. We hypothesised that in patients with injuries, this area is narrower than that in patients without injuries due to pain or muscle spasm. The lowest vertebra was considered visualised if the upper border of the adjacent lower vertebra was identified. The Chi squared test and Mann-Whitney U test were used to determine differences between groups. Statistical analysis of data pertaining to the lowest vertebra was performed using Mann-Whitney U test. Statistical significance was established at p<0.05. Abnormal signs on the CTLC films that indicated the need for subsequent CT scans are defined in the Box.
RESULTS
The patients' data are shown in Table 1 . Patients with injuries included 76 men and 24 women, with Figure 1 Distribution of the injured vertebrae. C0 denotes atlanto-occipital dislocation. The most frequently injured vertebra was C5. The incidence of injury of the 2 lowest cervical vertebrae (C6 and C7), which often cannot be visualised on CTLC films, was 22.7%. (Table 1) . Technically adequate lateral cervical spine films that visualised the upper border of the first thoracic vertebra were not obtained from 70 patients with injuries and 63 patients without injuries, a difference that is not statistically significant (Fig. 2) . Among the 100 patients with injuries, 88 had abnormal signs on the CTLC films (88 true positives); however, the remaining 12 patients did not present with any abnormal signs and their CTLC films appeared completely normal. In contrast, the CTLC films of 72 patients without injuries appeared normal (72 true negatives) and 28 had abnormal signs (all these 28 films were regarded as abnormal because of the widening of the retropharyngeal space). Thus, CTLC films, according to the criteria listed above, had a sensitivity of 88% and a specificity of 72%. Overall, 97 patients with injuries and 74 patients without injuries should have received supplemental CT scans because of inadequate films and abnormal signs ( Table 2) .
DISCUSSION
We have shown that the CTLC films evaluated according to the said criteria have a sensitivity of 88% and a specificity of 72%. This result is similar to other reports, which have shown that the sensitivity of CTLC film is approximately 85% with a specificity approaching 50%. 1, 9, 10 Plain radiography alone is often of limited diagnostic value, because technically adequate plain radiography is not always obtained in the initial evaluation and repeated plain radiography is not always successful. 4, 11, 12 Because our centre only accepts critically injured patients, the injury severity score is usually high 
Figure 2
Distribution of the lowest vertebra that was visualised on the CTLC films. Statistical analysis was performed using Mann-Whitney U test. No significant difference was identified (p=0.27). Table 2 Statistics of patients performed CTLC films for our patients. As the clinical examination of such critically injured patients is not reliable, 13 the combined use of plain radiography and CT scan has been adopted to increase the sensitivity of identifying cervical spine injuries. 3, 7, 14 Recently, the Advanced Trauma Life Support and the Eastern Association for the Surgery of Trauma have suggested that focused CT scans through the lower cervical spine should be obtained if this area cannot be visualised on plain radiographs. 6, 8 In the present study, adequate visualisation was achieved in only 37% of patients without injuries, implying that 63% of patients with blunt trauma who sustain no cervical injury must undergo CT scanning in the initial evaluation only to counteract the technical inadequacy of plain radiographs. The described incidence of inadequate films varies from 25.9% to 47%. 1, 10, 15 This study detected a high incidence of inadequate lateral views from the initial evaluation, possibly because our study excluded alert and asymptomatic patients. Recently, the NEXUS studies have suggested that patients who are alert, non-intoxicated, and asymptomatic be released from cervical spine precautions without any radiographic investigation. 13 Thus, the incidence detected in the present study may be more meaningful for clearance of the cervical spine injuries. Having said that, the possibility that the difficulty in visualisation of the lower cervical spine may be associated with the anatomical characteristics of Mongoloids cannot be excluded.
Technically inadequate Technically adequate
Overall, 97 patients with injuries and 74 patients without injuries should have received supplemental CT scans due to technically inadequate films and abnormal signs. We believe that if CTLC films require supplemental CT scans in more than 75% of all obtunded or symptomatic blunt trauma patients, the films are probably not an appropriate guideline. We further believe that these guidelines using a CTLC film as an indicator of supplemental focused CT scanning are neither efficient nor cost-effective today. 16 Blackmore et al. 16 reported that different guidelines that emphasise the clinical features and mechanism of the injury can identify the low-risk and high-risk groups of patients. The lower-risk group proceeds to plain radiograph only while the higherrisk group requires mandatory full cervical spine CT scan irrespective of findings on the CTLC film. Blackmore et al. 16 further showed that the screening CT was performed in only 16% of blunt trauma patients, but the rate of missed cervical injuries was 0.2%. Although we believe that such guidelines should apply to critically injured patients, 5 further studies are required to clarify this issue.
CONCLUSION
Adequate visualisation of the lower cervical spine on plain radiograph was difficult. CTLC films require frequent use of subsequent CT scanning to clearly visualise the cervical spine or to identify cervical injuries. If CT scans are to be performed for most patients with blunt trauma, we believe that revised guidelines will be needed for the assessment of the cervical spine of obtunded or symptomatic blunt trauma patients.
